In the regions which are located far from the distribution networks, using standalone microgrid to supply the power demand with minimum cost and best reliability is essential. 
INTRODUCTION
Nowadays electricity Energy for modern societies is an important and inevitable issue. Most of required energy by countries is provided by fossil fuel. Due to the fact that fossil fuels are exhaustible and have environmental pollution, use of Renewable Energy Resources (RERs) for supply electric demands is necessary. RERs are highly depend on environmental conditions, hence they have stochastic behaviours. For modelling power of RERs considering probabilistic methods and specific probabilistic distribution function are necessary. In this method, power modelling for microgrid components is accurate and simulation results will be precise. Optimal sizing of microgrids is an important issue that could make use of microgrid for supplying electric demand, economically. Optimal designing of standalone microgrid must be as cost effective and reliable as grid connected microgrid and this make optimal sizing of microgrid a multi-objective optimization problem with two conflicting objectives of cost and reliability [1] . Most of studies have been conducted for designing standalone microgrids, considered higher reliability, as a results, cause to consider more capacity for microgrid components and this make the microgrid more expensive. To financial limitation considerations, consumers in rural regions in developing societies are unwilling and unable to pay unnecessary and surplus capacity [2] . In this way, designers must choose the best configuration for microgrid with considering consumers reliability requirements and compatible with their budget. Different studies have been done on the topic of cost versus reliability trade-off for standalone microgrids [2] - [4] . In these works uncertainty of renewable energy resource does not considered accurately and studied microgrids is limited to a few components. In this paper, a proposed method is based on trade-off between cost and reliability parameters and for considering uncertainty of renewable energy resources clustering method based on suitable probabilistic distribution function for each variable parameter is applied.
PROBLEM STATEMENT
In this section, reliability parameters, microgrid resource's modeling and PDFs for each stochastic variable are proposed as follows:
Reliability parameters
A standalone microgrid performance can be analyzed by different reliability parameters. Reliability parameters which are used in this paper are unmet load and probability of unmet load. The total unmet load for a standalone microgrid is defined as:
Where, Lh and Ph are the hourly average load and and hourly-average power and the period of T is 1 to 8760 hours [5] .
Probability of unmet load is defined as:
Microgrid energy resources modeling
Microgrid resources modeling has been presented as follows:
Wind turbine (WT)
The output power of wind turbine according to wind speed can be represented by:
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Where, ρ, VW, AWT, Cp and ηEG are air density, wind speed, rotor area, rotor power coefficient and overall efficiency of electrical components, respectively [5] .
Photovoltaic panel (PV)
The output power of photovoltaic panel according to solar irradiance is considered as: . .
Where, I stands for the solar irradiance, APV is the PV panel area and ηPV is the overall PV unit efficiency [5] .
Battery power modelling
The battery which is used in this study is Zn-Br and State of Charge (SOC) of battery is considered in three modes (charging, discharging and standby mode) according to load profile. At off peak period, the battery is charging with constant rate and in on peak period, the battery is discharging. Moreover, the battery parameters is given from [6] .
Probability distribution functions
According to stochastic behavior of wind speed and solar radiation, suitable probabilistic distribution function for wind turbine (WT) and photovoltaic (PV) is considered as follow:
Beta PDF for solar irradiance modelling
The probabilistic nature of solar irradiance is considered to follow Beta PDF. Beta distribution for solar irradiance St (kW/m 2 ) according to time segment t is given by [7] :
Where, α t and β t are the shape parameters and Γ represents Gamma function. Shape parameters of Beta PDF can be calculated using mean (μ t s) and standard deviation (σ t s) of irradiance for corresponding time segment. 
Weibull PDF for wind speed modelling
For considering stochastic behavior of wind speed in a predefined time period, Weibull PDF has been applied [8] .
Weibull distribution for the wind speed V t (m/s) at t-th time segment can be expressed as:
  
PROPOSED METHODOLOGY
A multi-objective modelling for designing a standalone microgrid is modelled and studied. The proposed method considers the best reliability with minimum cost for supplying the owner load demand. In other word, the proposed method is based on cost versus reliability factor according to the consumers need, and the final solution is obtained from a trade-off between these two parameters. Reliability parameter which is used in this study, is unmet load. This parameter shows how much of the demand load is not supplied. Suitable value of unmet load for each microgrid is different, so the probability of unmet load is considered as reliability parameter. For considering the cost versus reliability according to load demand, environmental data and cost of the best configuration of microgrid components for different reliability index is determined. Genetic algorithm is used to find the best configuration of microgid according to the reliability level. More details about genetic algorithm can be found in [9] . Determining the most suitable reliability value and the least cost for microgrid, by resolutions of days of year, the proposed algorithm determines the worst days in the year and evaluate these days by resolutions of hours according to consumers need. If consumers are satisfied by this reliability value, the procedure of finding the optimal size of microgrid is finished, otherwise the designing procedure is continued with higher reliability level. This method is applied in iterative manner. General procedure of proposed method with complete details is described in figure 1 . Upon completion of the process described in Figure 1 , graph of total cost of the micro-grid according to different value of reliability parameter (is shown in figure 2 ) and microgrid
Paper No 0172 Page 3 / 4 configuration for each point is available. After that another iterative procedure for finding the best reliability parameter with minimum cost according to consumers need is applied. The studied microgrid consists of DER such as wind turbine (WT), photovoltaic panels (PV) and batteries. The generated power of WT and PV are highly dependent on the environmental conditions and for the accurate modelling of these components, probabilistic method is applied. For the modelling of wind speed and solar irradiance, the Weibull and Beta distribution functions are considered respectively, using the clustering method.
Create In the clustering method, the output power of the solar and wind based DG units are considered as a multistate variables in the planning formulation. The continuous PDF for each of them has been divided into states (periods). In other words, for each time segment, there are a number of states for the solar irradiance and wind speed. To express more about output power of WT and PV with clustering method, calculation method for output power of the wind turbine is described and calculation method for output power of PV is in the same way for more details see [10] . Solar cells can also be calculated in the same way. The hourly average output power of WT corresponds to a specific tth time segment P t wt can be calculated as follows: Figure 2 . Cost versus Reliability for studied microgrid
The probability of the wind speed for each state during any specific time frame is calculated as [11] : 
Objective function
The objective function is based on planning costs defined as follows:
Where, Cc, CO&M, Cr and CT are capital cost, operation and maintenance cost, replacement cost and total cost, respectively.
SIMULATION RESULTS
Simulations have been carried out on proposed microgird which load demand and environment data are given from [5] . For designing proposed microgrid according to consumers need, it is assumed that, energy shortfalls lasting 4 hours or longer is unacceptable. And this condition by resolution of days of year is applied. In other words, in this paper planning cost is defined as main objective function of the optimization problem and reliability parameter (maximum time of continues shortfall) is considered as a constraint of the optimization problem. Simulation results are shown in table I. 
CONCULOSION
In this paper, a practical method for designing the standalone microgrids based on a trade-off between the cost and reliability according to the consumers need is introduced. For accurate modelling of the components, the uncertainty of renewable energy sources is considered using probabilistic methods. In proposed method reliability of microgrid is based on conditions which are determined by consumers need and budget.
